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@ This invention relates to aqueous acidic solutions which are thickened by cationic polymer, the polymer 
being added to the solution in the form of particles below lOum In size. The useful catonic polymers are formed 
from a water soluble cationic ethylenically unsaturated monomer or blend of monomers that includes a 
polyethylenically unsaturated cross-linking agent. A peak viscosity is achieved in the aqueous acidic solution at a 
particular cress-linker concentration. 

The concentration of cross-linking agent chosen is carefully controlled so that the viscosifying effect car be 
optimised whilst minimising the amount of polymer that has to be added. The amount of polymer in the aqueous 
acidic solution is typically in the range of from. 0.01% to 5%'dry weight polymer 
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Thickened Aqueous Compositions 



It is standard practice to thicken the aqueous phase of aqueous compositions by dissolving in the 
aqueous phase a water soluble polymeric thickening agent This material may be a natural or modified 
natural polymer, for instance hydroxy ethyl cellulose, or it maybe a synthetic polymer, for instance 
polyacrylic acid. The polymer Is usually Intended to be wholly soluble in the aqueous phase and if the 
5 polymer is synthetic then it is substantially wholly linear. 

These thickeners give satisfactory results when the aqueous solution is relatively free of electrolyte and 
when it is not subjected to shear. In US 4059552 and 4172066 it Is described that aqueous compositions 
whose v!-- 5ity ir elatively resistent to shear can be obtained by using, as thickener, microbeads of a 
wfl»- .- swellable polymer formed by cross-linking water soluble monomer. In US 4059552 

i-linldng agent is stated to be 50 to 1000 ppm and the aqueous medium can contain 
ue. In US 4172066 there is a similar disclosure of thickeners but there are examples of 
-jcing permeability of an underground formation by the use of an anionic polymer cross-linked with 
various amounts of cross-linking agents. Although all the examples In U.S. 4fl59.552 and U.S. 4.172.066 
use an anionic polymer, a variety of monomers are described In US 4172066 for the formation of the 
IS polymer", includinr various cationic monomers. 

In 4806? , personal care compositions are descrit)ed which include a cosmetically active 
■>r - 30US base that is thickened by a lightly cross-linked cationic vinyl addition polymer. The 

3 . ended for application to tfie body for cosmetic purposes. The preferred amount of 
agent is from 50 to 500 ppm based on monomer. It seems probable that the cationic 
20 thickening jent Is preferred because it will be compatible with the normal materials in the cosmetic 
compositions and may tend to render ttie composition more substantive to the skin or hair. 

It is known to ttilcken a downhole acidizing solution by use of linear water soluble cationic polymer (for 
instance as described in GB 2,110,744). However ttie compositions have a stringy rtieology ttiat Is 
unsatisfactory for many cationic compositions. The use of cationic reverse phase polymers cross-linked by 
25 tiie typical amounts used in US 4059552 (for instance 100 to 500 ppm cross-linker) eliminates the 
stringlness and can give very high viscosity at above a critical concentration but only low viscosificatlon at 
lower concentrations. For many purposes it would be desirable to ttilcken an aqueous electrolyte in such a 
manner that a useful Increase In viscosity is achieved at relatively low polymer amounts to give a rtieology 
that is not very stringy but which will form, for instance, a viscous film when flowing over a hard surface. 
30 The use of non-ionic or anionic thickener, for instance hydroxyettiyl cellulose, polyacrylamide or sodium 
polyacrylate. in linear, soluble form is unsatisfectory for ttiickening aqueous cati'onic electrolyte solutions 
because interaction with the cationic electrolyte causes inadequate viscosity, even at high polymer 
concentration, and may cause predpitaUon. 

At present It is impossible to ttilcken many aqueous cationic electrolyte solutions to give an optimum 
35 combination of viscosity and rt»otogy at relatively low polymer concentrations. 

It would be desirable to be able to provide an effective thickener for a range of aqueous acidic 
compositions, and In particular provide such a ttiickener ttiat could be used at low concentrations to give 
convenient rtieotogy. 

An aqueous acidic solution according to the invention Is ttilckened by a cationic polymer ttiat is added 
40 to ttie solution in the form of particles below lOum in size and tfiat is fomned from a water soluble cationic 
ethylenically unsaturated monomer or blend of monomers ttiat includes a polyettiylenically unsaturated 
cross-linking agent ttiat provides a peak viscosity in ttie aqueous acidic solution at a cross-linker 
concentration witiiin ttie range 5 to 45ppm, and in which ttie amount of cross linker is wittiln 33% of ttie 
amount tfiat gives ttie peak viscosity. (In ttils specification "acidic" means pH less ttian 7.) 
45 The invention is based in part on ttie surprising discovery that the viscosity imparted to an acidic 
solution by a cross linked, small particle size, cationic polymer is exceedingly dependent on tine precise 
amount of aoss linking. In particular, ttie viscosity obtained at any given polymer addition to any given 
acidic solution will be at some measured value when ttie polymer is free of cnDss linking and as the amount 
of cross linking increases ttie viscosity Increases rapidly before falling back again. For all the combinations 
50 of acidic solution and cationic polymer ttiat we have examined, we have observed a clear peak in viscosity 
at some level of cross linker between 5 and 45ppm. In most instances ttiis peak is in ttie range 10 to 20 or 
25ppm cross linker. After passing ttie peak, ttie viscosity gradually drops witti increasing amounts of cross 
linking agent. 

In ttie invention, we select an amount of cross linking agent ttiat is ctose to tiie amount ttiat gives ttie 
optimum or peak viscosity in ttie partfcular aqueous acid ttiat is being ttilckened by ttie particular amount of 
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polymer that is present This peak can be determined by plotting the viscosity against cross linker level for 
a range of polymers that differ only in the amount of cross linker. For most purposes the amount of cross 
linker tfiat is used in the Inventton is at the peak but of course this is not absolutely essential and useful 
results can also be obtained slightly above or slightly below the peak. Generally the amount of cross linker 
Is within 33% of the amount that gives the peak viscosity, and most usually is within 20% and usually within 
10% of the amount that gives the peak viscosity. 

It should be appreciated that the amount of cross linker that gives the peak viscosity will tend to vary 
from one aqueous acidic solution to another and will also vary according to the other properties of the 
polymer such as its method of polymerisation and the monomers from which it was formed. 

By selecting the amount of cross linker at the peak viscosity it is possible to optimise the viscoslfying 
effect whilst minimising the amount of polymer that has to be added. Since the amount of polymer can be 
relatively low this minimises any adverse effects that the polymer might otherwise have on the rheology of 
the acidic composition. Additionally, since the polymer is cross linked, this greatly reduces the tendency for 
the polymer to give the composition a stringy characteristic. ^. . „ 

By the Invention. It Is easily possible when using relatively low amounts of polymer to obtain fluid 
compositions that are acidic and yet which have a very convenient combination of viscosity and rheology 
properties, for instance so that they will cling and flow over a hard surface (for Instance a toilet bowl or 
other surface that Is being cleaned or sterilised) but which does not give a stringy character or set into a 
relatively rigid gel. In particular it Is possible to vary widely the viscosity obtainable from any particular 
I cross linked polymer by choice of the amount of polymer In that even relatively small amounts of polymer 
give a useful viscosity increase. This Is In marked contrast to traditional cross linked viscosifying agents, 
such as those exemplified in U.S. 4.059.552. where they give relatively low viscosity increase at low 
polymer additions but. once a critical polymer concentration Is reached, further increase In the polymer 
concentration gives a very rapid increase in viscosity. Thus there is a tendency that conventional cross 
i linked polymeric thickeners either give no useful viscosity Increase or. if present to give a useful effect, give 
such a high viscosity that the system will not flow under gravity over a surface. 

The polymers can be homopdymers or copolymers and are formed from monoethylenically unsatu- 
rated monomer that is either water soluble caUonic monomer or Is a catlonic blend of monomers that may 
consist of cationic monomer or may consist of a mixture of cationic and non-ionic monomere. If a btend of 
J monomers is being used then part of the blend may have low water solubility providing the total blend is 
water soluble. The monomers can be allyl monomers but are generally vinyl, preferably acrylic. 

Suitable cationic monomers are dialkylaminoalkyl-acrylatBS and -methacrylates. especially dlal- 
kylaminoethyl acrylate. and their quaternary or acid salts. ^ ^'^'^^^^'^I'^^Z 
methacrylamides and their quaternary or acid salts for instance methacrylamldopropyl trime*yl ammonium 
s chloride and Mannich products such as quatemised dialkylaminomethylacrylamides. AlkyI groups are 

^"^sStebte'nonSIilc monomers are acrylamide, methacrylamlde, N-vlnyl pyrrolidone. and low alkyi or 
hydroxyalkyi (meth) acrylates. Water insoluble acrylic (or other ethylenlcally unsaturated) monomers such 
as methyl methaaylate. styrene or acrylonitrile may be included in sufficiently small amounts that the blend 

" ^ Blelds of 0 or 5 to 90%. preferably 10-50%. acrylamide with dialkylamlnoalkyl-acrylate or. preferably, • 
methacrylate as acid addition or quaternary addition salts, or the cattonic homopolymere are Preferred. 

The monomers can contain hydrophobic groups. e.g.. as desclbed In EP-A-0172723 for ir^toiM on 
page 10 of that. If the monomer Is to impart insolubility to the polymer the ethoxy chain should be short or 

IS absent. Le..n=0. The allyl ether monomers are especially prefen-ed. 

The polymer must be added while In the form of particles below 10um in size, and preferably below 
2um in size. These can be made by comminuting cross-linked polymer gel but preferably the particles are 
formed initially in the cross-linked state. The particles may be added to the aqueous so ution as 
dislntegratable aggregates or pellets, but preferably are added as a dispersion in a liquid, generally a non- 

50 aqueous liquid such as a hydrocartDon. This dispersion may be made by dispersing preformed partro es in 
the liquid but Is preferably made by reverse phase polymerisation of the monomer or monomer blend In the 

presence of the cross linker. 

The monoethylenically unsaturated material may be contaminated with a small amount of aoss linking 
agent and the amount of additional cross linking agent that Is added will therefore be selected having regard 

ss to this. Preferably the monoethylenically unsaturated material is as free of cross linking agent as is 
commercially possible, for Instance containing cross linking agent in an amount that gives cross linking or 
chain branching less than is given by IppmMBA (1 part methylene bis acrylamide per million parts 
monomer). The amount of MBA that is added Is at least 5ppm and betow 45ppm (based on monomer). 
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generally 10 to 40ppm. The precise amount will depend upon the polymerisation and other processing 
conditions, instead of using MBA. cross linking may be by equally effective amounts of other diethylenically 
unsaturated compounds such as ethylene glycol di-(meth)acrylate. di-(metli)acrylamlde. 
cyanomethylacrylato. vinyloxyethylacrylate or methacrylate and other means of cross linking, e.g., formal- 
dehyde or glyoxal or metal salt addition. Preferably a water-soluble cross llnl<ing agent is used. 

The degree of non-linearity can additionally be controlled by the inclusion of chain transfer agents in tiie 
polymerisation mixture. Their use. in combination with cross linking agent will tend to promote chain 
branching rather than cross linking. Amounts may vary widely. For instance 1.000 to 5,000ppm (based on 
monomer) of a moderate chain transfer agent such as isopropylalcohol may be suitable whilst much lower 
> amounts, typically 100 to 500ppm. of more effective chain branching agents such as mercaptoethanol are 
useful. Often, however, adequate results are obtained by conducting polymerisation under conventional 
conditions, without deliberate addition of chain transfer agent, using commecially pure monoethylenically 
unsaturated monomer together with the specified amount of MBA or other cross linking agent 

Preferred polymers are often formed of 0 to 40% acrylamide and 100 to 60% dialkylamino ethyl 
5 methacrylate quaternary salt or a copolymer of from 5 to 40% acrylamide and 95 to 60 dialkylaminoethyl 
methacrylate quaternary salt (for instance 20% acrylamide 80% dimethylaminoethyl methacrylate quater- 
nary salt) cross linked with 10 to 30ppm MBA or other cross linker. All parts and percentages are by weight. 
The precise optimum for any particular composition can be determined by observing the properties of the 
composition when thickened with the chosen amount of a range of polymers differing from one another 
0 solely by differing the amounts of MBA from 5 to 45ppm. 

The amount of polymer is selected for the optimum properties of viscosity and rheofcDgy with the 
minimum amount of polymer and typically may be in the range 0.01% to 5%. often 0.02% to 2%. dry 
weight polymer based on the aqueous composition. 

The polymerisation conditions are preferably such tiiat the polymer has. if uncross linked, a conven- 
-5 tional ttiickener high molecular weight of 5 million to 30 million and an intrinsic viscosity of above 4. 
preferably above 6. e.g.. up to 10 to 15dl/g. If the polymer is cross linked it is preferably polymerised such 
ttiat it would have such molecular weight if it had been made in the absence of cross linking agent 
However cross linking will reduce the IV but shearing the polymer solution may tiien cause ttie IV to 
increase, as explained later. ^ „ ^ w. 

30 The particle size in the emulsfon or reverse phase polymerisation mixture may be controlled by ttie 
degree of shear applied to ttie monomers and by the possible presence of emulsifying agent Emulsion 
polymerisation may be utilised when polymerising, for instance, water insoluble monomers such as acrylic 
esters or water Insoluble but add soluble monomers such as amines (the resultant polymer being 
distributed into acidic aqueous composition) but generally reverse phase emulsion or suspension poly- 
3S merisation is utilised when the monomer or monomer blend is soluble In water. The aqueous monomer is 
emulsified into a suitable non-aqueous liquid, generally In the presence of a water in oil emulslfier, generally 
in an amount below ttie critical micelle concentration. Emulsifiers, stabilisers, non-aqueous liquids and other 
reverse phase polymerisation materials and process details are described in. for instance, EP-A-01 26528. 
The polymer particles may be dehydrated, for instance by subjecting ttie dispersion to azeofopic 
40 distillation. , . , . « . 

The liquid product resulting from ttie reverse phase polymerisation or emulsion polymerisation is 
generally used as such, wittiout separation of ttie polymer particles from it, but if desired dried polymer 
particles may be separated from ttie disperston In known manner. Because these dry particles will be very 
dusty tiiey should preferably be formed Into pellets ttiat will disintegrate upon addition to water. 
45 The polymer-in-oil emulsion ttiat results from reverse phase polymerisation may be added to tiie acidic 
solution to be thickened in tiie presence of oil-ln-water emulsifier in conventional manner. 

When as is prefen-ed. the polymeric material is a copolymer of acrylamide witti at least 10%, and 
preferably at least 50%. by weight dialkylamino alkyi acrylate (generally as acid addition or quaternary 
ammonium salt) ttie degree of non-linearity is preferably such tiiat ttie polymer has an ionic regain (IR) of at 
so least 15%. IR is calculated as x 100 where x is ttie ionicity measured after applying standard 

shear and y is ttie ionicity of ttie polymer before applying standard shear. 

These values are best detemiined by forming a 1% composition of ttie polymer in deionised water, 
allowing ttiis to age for 2 hours and ttien furttier diluting it to 0.1% active polymer. The ionicity of ttie polyer 
y is measured by Colkjid Titration as described by Koch-Ught Laboratories Umited in their publication 4/77 
55 KLCD-1 (Altematively tiie mettiod described in BP 1,579,007 could possibly be used to determine y.) The 
ionicity after shear, x is detemiined by measuring by ttie same technique ttie ionicity of ttiis solution after 
subjecting it to standard shear. 

The shear is best applied to aoomi of ttie solution in a substantially cylindrical pot having a diameter of 
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about 8cm and provided in Its base with a rotalable blade about 6cm in diameter, one arm of the blade 
pointing upwards by about 45 degrees and the other downwards by about 45 degrees, im blade is about 
1mm thicit and is rotated at 16.S00rpm in the base of the pot far 10 minutes. These coriditlons are best 
provided by the use of a Moulinex homogenlser but other satisfactory conditions can be provided using 
Idtchen blenders such as Kenwood. Hamilton Beach, lona or Osterizer blenders or a Waring Blendor. 

In practice the precise conditons of shear are relatively unimportant since, provided the degree of shear 
is of the same order of magnitude as specified, it wilt be found that IR is not greatly affected by quite large 
changes in the amount, for instance the duration, of shear, whereas at lower amounts of shear (for instance 
1 minute at 16.500rpm) IR is greatly affected by small changes in shear. Conveniently therefore the value of 
X is determined at the time when, with a high speed blade, further shear provides little or no further change 
In ioniclty. This generally requires shearing for 10 minutes, but sometimes longer periods, e.g., up to 30 
minutes with cooling, may be desired. 

The polymers used in the invention preferably have IR above 30%. often In the range 35 to 45%. IR 
may increase from zero at zero cross linlter up to a peak or plateau at a level around, for instance 15 to 
25ppm. cross linlrer and preferably IR is at or near this peaic or plateau, generally at as low a level of aoss 
linking as is consistent with the high IR value. 

The acidic medium that Is thickened In the invention can be one of a wide range of aqueous acidic 
solutions, that Is to say solutions having a pH of below 7. and generally below 6. Usually the pH Is below 4. 
The solution may be. for instance, a simple acid solution or it may be the continuous phase of a system 
having emulsified or dispersed particles of organic or inorganic material. Thus the viscosificatlon may act as 
a dispersion or emulsion or suspension stabilisation effect. 

One form of aqueous acid Is a mineral acid solution, for instance hydrochloric acid or sulphuric acid. 
The acid solution may be a downhole acidising solution. It may be a solution for cleaning metal, for instance 
a rust-removing composition. 

It may be an emulston of. for Instance, bitumen or other tar material, for instance to provide a road 
surfacing emulsion. Such emulsions are stabilised with cationic surfactants, typically fatty Inrridazolines and 
a wide variety of other compositions containing fatty imidazolines may be thickened In the invention. 
Various acidic emulsions and laticiBS of various synttietic polymers may be tiiickened. 

Ceramic and other toilet or domestic cleaners may be tiiickened, for instance such as ttiose based on 
citric and/or phosphoric acid, hydrochloric acid with an ethoxylated amine, hydrochloric acid with a mixture 
of cationic and non-ionic surfactants, and hydrochloric acid blended with phosphoric add. Such systems 
may, for instance, be intended to remove lime scale. 

The aqueous composition may contain a quaternary ammonium surfactant. Such materials are. for 
• instance, useful as blocides, for instance for agricultural, veterinary, household, industilal or institutional 
cleansing purposes. Typical quatemary compounds that can be thickened Include alkyi dimethylbenzyl 
ammonium chtoride. alkyI dimethylamino betaine and trimeUiyl coco ammonium chloride, all of which can 
be used as, for Instance. hospital,household. industrial or institutional cleaners. 

The following are some examples. 



Example 1 

A reverse phase dispersion was formed by dispersing Into a conventional reverse phase non-aqueous 
liquid containing emulsifying agent and amphlpathic stabiliser an aqeuous monomer blend consisting of 
80% by weight dimethylaminoettiyl mettiacrylate mettiyl chloride quatemary salt and 20% acrylamide and 
15ppm mefliylene bis acrylamide. The mixture was degassed and initiated In the conventional manner and 
polymerisation was allowed to go to completion. The mixture vras ttien subjected to azeotroplc distillation to 
provide a substantially anhydrous dispersion of polymer particles less than 2um in size dispersed in the 
non-aqueous liquid. 

Ttie IR value of this product, when measured as defined previously. Is about 40%. 

The above process was repeated using different amounts of cross linker ranging from 5ppm upwards. 



Example 2 

A range of polymers cross linked witti. respectively, zero. 25. 40. 50. 75. 90. 100 and 250ppmMBA were 
tested as ttiickeners for a solution buffered to pH 3 by potassium hydrogen thalate and hydrochlonc acid, 
ttie polymer addition being at 1%. The Brookfield viscosity was measured in cP at 23 C. The results are 
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shown in Figure 1 which is a graph plotting the viscosity gainst the amount of cross linlter. The precise 
point of the peak is not entirely clear from this plot but clearly is at around 20ppm and In the invention any 
amount of cross linlter tietween 10 and 35ppm clearly gives a very considerable benefit compared to the 
uncross linked or more highly cross linked systems. 



Example 3 

The process of Example 2 was repeated but on a 50% sulphuric acid composition. The results are 
shown in Figure 2 which again demonstrates a peak at around 20 to 25ppm, and clearly there is 
considerable benefit at cross linker values of from 10 to 35ppm. 



Example 4 

At 1% polymer addition to phosphoric acid, the linear polymer gave a Brookfield viscosity of 550. the 
polymer cross linked with 25ppm gave a viscosity of 7500cP and the polymer cross linked with 40ppm 
gave a viscosity of 1 .400cP. 



Example 5 

A biocide solution was formed containing 5% trimethyl coco ammonium chloride and 1% of various of 
the polymers was added to it. At the normal shear values associated with a Brookfield viscometer it was 
found that the highest viscosity was obtained with the polymer having 15ppm cross linker, the next lowest 
was from the linear polymer, the next kwest from the polymer cross linked at 25ppm and the lowest was 
from the polymer cross linked at 75ppm. , . ,^ 

A different order of vloosWes was achieved under values of extremely low shear and so it should be 
understood that the benefits of the invention may occur primarily in those circumstances where slight to 
moderate shear is to be applied, for instance when a composition is to be applied to a surface as a cleaner. 



Example 6 

Polymers were formed from an 80:20 (wt) mixture of methyl chloride quatemised dlmethylamino 
ethylacylate and acrylamlde containing differing amounts of MBA cross linker in the range 0-250ppm using 
the same reverse phase method as in Exmaple 1. They were dissolved In deionised water and in a 1g/l 
sodium chloride solution at various polymer concentrations and the Brookfield viscosity of the solutions was 
tested. The results are shown in the following table, which gives the Brookfield viscosHies of the solutions 
(CPs). 



ppmMBA 


Concentration of Polymer (% active) 


Crossllnker 


1.0% 


0.5% 


0.25% 


0.1 
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water 


salt 


water 


salt 


water 


salt 


water 


salt 






soln. 




soln. 




soln. 




soln. 
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4400 


2330 


1900 


510 


450 


60 


350 


30 


5 


6150 


4270 


2630 


1050 


1160 


190 


440 


30 


15 


9350 


5050 


3840 


1600 


1450 


100 


400 


24 


25 


12900 


6500 


7500 


1000 


3000 


100 


700 


20 


50 


24370 


8460 


12320 


500 


3750 


20 


370 


5 


75 


30000 


7400 


13800 


500 


2800 


20 


200 


5 


250 


63000 


6000 


1380 


425 


52 


10 


16 


2 



The results show that in deionised water at a polymer concentration of 1% increasing the cross link 
concentratfon increases the viscosity which can be achieved even up to a cross linker concentration 
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250ppm MBA. However at a 0.5% polymer concerrtration the visooslfying power of the polymer increases 
up to about 75ppm MBA but with higher amourrts of MBA the viscoslfying power decreases dramatically. 
With lower product concentrations the optimum viscosifying effects are achieved at cross linker concentra- 
tions which are lower than 75ppm - for 0.25% the optimum is at about 50ppm and for 0.1% the optimum is 

5 about 20 or 25ppm MBA. For the Igfl sodium chloride solution at 1% polymer concentration a polymer 
tormed with about 50ppm MBA gives optimum viscosity. At 0.5% polymer concentration optimum viscosity 
is a lower cross linker concentration viz about I5ppm and the optimum cross linker concentration decreases 
as the polymer concentration decreases. 

Optimum thickening is thought to be achieved with cross linker concentrations and polymer concentra- 

10 tions such that the polymer swells in the liquid to be ttilckened so that there Is effectively no continuous 
liquid phase between particles which would lubricate the particles alkjwing them to move past each other to 
give a low viscosity solution. Increasing the aoss linlcer concentration reduces the swellability of the 
particles and in general terms Increases the viscoslfying power. But at polymer concentrations below the 
amount which allows all of the liquid phase to be absorbed into the polymer the viscosity drops off 

IS dramatically. In electrolyte solutions, such as acidic solutions or solutions of sodium chloride or solutions of 
polyelectrolytes. the polymers are less swellable and so the optimum viscosifying effects are achieved at 
lower cross linker concentrations. At very low polymer concentrations (0.1%) the linear (Oppm MBA) 
polymer appears to have as much effect as the 5ppm MBA polymer. 



Claims 

1 An aqueous acidic solution thickened by a cationic polymer that is formed from a water soluble 
cationic ethylenically unsaturated monomer or blend of monomers that includes a polyethylenicaily 
unsaturated cross-linWng agent and that is added in the form of particles below lOum in size characterised 
in that the polyethylenicaily unsaturated cross-linking agent provides a peak viscosity in the aqueous acidic 
solution at a cross-linker concentration within the range 5 to 45ppm. and in which the amount of crosslinker 
is within 33% of the amount that gives the peak viscosity. 

2. An aqueous acidic solution according to claim 1 wherein the thickening polymer includes the cross- 
linking agent at a concentration in the range 10 to 25ppm. „^ , 

3. An aqueous acidic solution according to claim 1 or claim 2 wherein the amount of crosslinker Is 
within 20% of the concentration that gives the peak viscosity. ^ ^ .u- 

4. An aqueous acidic solution according to any preceding claim wherein the polymer is added to the 
solution in the form of particles below 2um in size. 

5. An aqueous acidic solution according to any preceding claim wherein the cationic polymer is a 
homopolymer formed from monoethylenically unsaturated water soluble cationic monomers. 

6 An aqueous acidic solution according to any preceding claim wherein the blend of monomers 
comprises from 0 to 90%. preferably 5 to 90% and most preferably 10 to 50% non-ionic monomer and 10 
to 100% preferably 10 to 95% and most preferably 50 to 90% cationic monomer. 
I 7. An aqueous acidic solution according to any preceding claim wherein the cationic monomers are 
acrylic monomers. ^, ^ . 

8 An aqueous solution according to any preceding claim wherein the polymer blend comprises 10 to 
50% acrylamide and 50 to 90% dialkylaminoalkyi (meth) acrylate as acid addition or quatemary addition 

i 9. An aqueous addle solution according to any preceding claim wherein the aoss-linking agent for 
cross-linking the ethylenically unsaturated monomers is mettiylene (bis) acrylamide. ethylene glycol di- 
(meth) acrylate di-(meth)acrylamide. cyanomethylacrylate. vlnyloxyethyl(meth)acrylate. formaldehyde, 
glyoxal or metal salt. 

10. An aqueous acidic solution according to any preceding claim wherein the thickening polymer is 
) present In an amount in the range of from 0.01% to 5%. 

11. An aqueous acidic solution according to any preceding claim wherein ttie Intrinsic viscosity of tfie 
thickening polymer is above 4 and below 15dl/g. 

12. An aqueous acidic solution according to any preceding claim wherein the thickening polymer is 
added to the acidic solution to be thickened as ttie polymer-inH)il emulsion resulting from reverse phase 



polymerisaMon and preferably Inttie presence of olHn-watere . ^ . , , fho 

13. An aqueous addle solution according to any preceding daim wherein the ionic regain of the 
thickening polymer is at least 15%. .. , -, ^»„ki 

14. An aqueous acidic solution according to any preceding claim having a pH of betow 7. preferably 
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below 6 and most preferably below 4. . ,^ . ^ » • , 

15. An aqueous acidic solutfon according to any preceding claim ttiat Is a household industrial or 
institutional cleaner or an agricultural or veterinary biocide. 

16. Use of a polymer as defined in any preceding claim for thickening an aqueous acidic solution. 

17. A process for thickening an aqueous acidic solution by the addition of a polymer as defined in any 
preceding claim. 
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